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The Space Power and Propulsion Section of the General Llectric Company

1. SUMMARY

has been under contract to the Aeronautical Systems Diviston, Wright

Patterson Air Force Base, Ohio, since Aprtl 13, 1982 Ior the development

of dynamic shatt seals for space applications. The objective of this

under the operating conditions of high temperature iiquid metals and papors,‘

‘progran is to acquire the techniques tor‘sealing,high speed rototink shafts

the near-vacuum environmsnts of space, and to provide long seal life.

A.

The contract specifies the following requirements:

1'

2‘

6‘

The fluid to be sealed shall be potassiumf

The sealsbshall be operative at fluid temperatures from the
nelting point of the fluid selected to 1400°F.

The pressure on the fluid side of the seal shall be 15 psi
and the external pressure shall be 10°% mm Hg.

The speed of the rotating shaft shall be a maximum of_36,000
rpm,

The seal or seal combinations, shall be designed for 10,000
hours of maintenance-freerlife.

The working fluid, potassium, shall be used as the seal

lubricant.

The seal, or seal conbinations, shall be capable of maintainingb

Zero leakage - in the techmnical sense - under all conditions of

’operation.

The seals shall be designed for a 1.0 inch diameter shaft,

-1-
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9. The seals shall be capable of operating in a zero "g" environ-

ment,

B. The seal evéluatioh shéll consist of:

Preliminaty{experiments with~i¢ter:
looehdur Qperational screening test with liquid metal.
;Thermal-cyciing test with quuid metal.

‘13000-hourrlife test with liquid metal,

This report covérs’progress‘during the quarter ending'Jﬁndary 15, 1962. The

main events qf‘this reporting period are:

Manufacture of the rotating disk-squeeze seal configuration for

water tésting to 20,000 rpm was completed.

Testing of the rotating disk-squeeze seal configuration in water

- was initiated and its feasibility was proven.,

Manufacture of the rotating disk seal configurétion for water

testing to 20,000 rpm was completed.

' Testing of the rotating disk seal cohfiguration in water was 1ni-

tiated and its feasibiility proven,

Testing of the screw séal configuration in water and silicone
fluid up to speeds of 35,000 rpm continued.

Evaluation of test results from the screw seal testing comparison
of the results to analytical expectations‘was initiated.
Evgluatidn ol preliminary resulfs from boﬁh the rotating disk

seal and the rotating disk-squeeze seal configurations was ini-

tiated.
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10.

_Design-and placement of manufaoturing order for the double disk

seal configuration ror 20, 000 rpm water tests.
Design ot the liquid metal seal test facility was completed.

Ianufacturing orders of all maJor components in the liquid metal

: leal test tacility were placed

11.

12.

-Tho design of the liquid metal seal test rig for operation at

speeds up to 36 000 rpm was finalized.
The drive spindle end of the 36,000 rpm test rig has heen sent

out for manufacturing quotations to elght qualified vendors.
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11, 'FLUID DYNAMIC TESTING -

" The water test rig for the rotating disk-sdﬁeeée seal cohf.igurétio’n 'vjas B

 manufactured this quarter, The configuration is shown inytvigure 3, Set-up

of the seal conﬁguration on the 20,000 Tpm test épindle was satis'tactory. .

- This vspindvle was vprevious‘ily used for the rotating housing-stationary disk

seal contigui’ation in Figure 2. Preliminary ‘éheci—ont was ‘shccessml' and ‘

~ testing 1is currently in progress. The tést rtg' modifications which may be

made to completely investigate this seal configuration and the test procedure

to be followed is covered below.

A. Test Procedure for Squeeze-Seal

1. Build-up watér seal test rig with thé configurations specified

in Table I..
2, Run the seal at the maximgm pogs:lble sealing pressure for the
following speeds and ploi. :
5,000 + 100  rpm
10,’00’0 * 200 rpm

15,000 + 500 rpm

o
20,000 + 1000 rpm

3. Measure the following parameters on Sanborn at each speed point.
. a, Speed
b,  Seal Pressure Profile

¢, Seal ing Pressure
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d. Seal Rim Pressure

R g wiAS SR 5

e. Segl Tdrque(
£. Seal Water fq@pézﬁture, In
g Segl Viterngmpeiature, Out of Disk
h. Seal Water Témperﬁturé, out.
4. Seal qooiing watef flow will be sqt at 2 gpm‘:ér all testkconfigura¢'
‘tions.‘ In addition, test ¢ontigu£ati§ns phali be reﬁeated with

water flow set at 1 gpm.

The squeeze seal_tesf cﬁnfiguraiions 1nd.ude,variafibn.o£ several signifl-
:cant pafamete;s. fhése parameters gre: rotating disk axiai spacing changes oh
bqthvthq loi pressure and high ﬁressuie é;de, éhépge# of the liningn wafer leveli
on thé iow pressure side of the disk, changes in thé recirculatiné ring axial
length, changes in squeeze annu;us clearanée and changes in the annulu;»bushing
.axial length. These configurations are 1denti!ied by the f0110W1névnumbering '

sequence and Tab;e 1I.

First digit ; 3 Represents squeeze seai;

Next two digits 0o ‘Represents disk configuration, Part a.
Nexf digit 0 Represeﬁts>rb configuration, Part b. .
Next digit ' i O Represents recirculating ring config--

uratibn, Part c,

Next digit - 0 - Represents spacer-sleeve configuration,
Part d.
Next digit o "Represents bushing configuration, Part e,

Sample ,Configuration Number: 3-00-0000

-5
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IPRETRULR S

* TABLE I

Part b - 5:‘ a R ' Part ¢

" Housing COntigdration”bi ' ro . Recirculating Ring Eccirculating Rics
: No, . , ’ ‘Configuration No. P/N4012000-378

o 1.22 1 #moRing (1.008)
2  0.84 2 #2 Ring (.682)
‘ 3 #3 Ring (.374)

Part 4 } - - Part e k

Spacer-Sleeve 'Spacer-SIegve ' Bushing . Bushing
Configuration No. P/N4012000-881 ' Contfiguration No. P/N4012000-877

#1 Bushing (.905)
#2 Bushing (1.219)
#3 Bushing (1.527)

[

#1 Spacer (2.496)
#2 Spacer (2.446)
3 #3 Spacer (2.393)

©w
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B. Test Procedure For Rotating Disk Seal ' ' » ., ' R o

'1_.

4,

5.

Build ub water seal tést rig with the conltgurat;ohs specifiad“

Rﬁn the geal at»tho paximun bossible sealihz pressure for the

.followingsbe'edi‘andpl.ot.. . ' o o o

‘b. Seal Pressure :Profile

" configurations. In addition, test configurations 1, 11, 22 and

.33 shall be repeated v)ith water flow set at 1 gpm.

in Table I.

5,000 + 100 rpm j
10,000 + 200 rpm '
15,000 + 500 rpm

o
20,000 + 000 rpm

Meagsure the following parameters on Sanborn at each speed point. ' i

a, Speqd

c. Sealing Pressure’
d. Seal Rim Pressure
e. Seal Torque

f. Seal Water Temperature, In

g. - Seal Water Temperature, Out

Seal cooling water flow will be set at 2 gpn for all test

Repeat items 2, 3 and 4 with pressure tap #5 maintained at

itmospheric pressure,

-9- L e :«,-.«-ui!:.‘-‘j- e AR
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‘resttﬁg'of‘the rotating disk-squeeze seal and the rotating disk seal con-

figurationé with water as a working fluid has been pertorﬁed for deternlnhtion

_of the following:

a. What is the maximum sealing presguie pogsibié fof a glveﬁ diameter |
seal? | |

b. What is';he pressure profile ﬁ;thin ‘the seal?

c. Vliat is‘the power»requirement for a given digméfqr séalf

d. What is the requifed'CIedrance between fhe’rqfatipg diék Qnd
‘stafionary yall'to mlnimiie heating proﬁlems aﬁd maiimize seal-
ing capabllify? | ; _

§. 'h;fvcooling flow is required to remove‘the’héat generated by tluia‘
friction? | ‘

The tests have definitely proved the feasibility of the rotating disk seal

" and the squeeze seal. Both of these seals demonstrated ability to seal liquid and

gis} Preliminary evaluation of some of the test data has been made and is

shown in Figures 17 through 20. Further evaluation of test data for these con-

vfiguratiohs is continuing.

C. Screw Seal
The sérew éeal test rig has been run to rotationai speeds of 35,000 rpm.
Operatioh was stable. The sealing coefficients obtained approximate those meas-
ured»wlth a free floating sleeve. Since no rubbing occurred,'measuréd friction
factors were lower thah with the free floating sleeve. The values obtained with
a rixed sleeve more closely matched those of an unioaded Journal bearing.
figures 8 and 9'show the screw seal test set up and insfrumentation set up.

Figure 10 shows the screw configuration., A summary of screw seal test results

L =12




1s given in ?igures 21 and 22,

Reterence 7 describos the scrow seal tests conducted with 2 tree !loating

sleevea This contiguration proved to be unstable in the turbulent !low regime :

-and it was not possible to—re&ehrthe desired operating speed of 33, 000 rpm. L
‘3To correct this, the sleeve was nounted in.bnll‘bearings. The fixed sleeve
‘configuration shown in Figure 3 1s much more stahle than the tloating sleeve,

,und operetion to 35,000 rpm was successful.

‘ A aummary of the test results for fixed sleeve operation is shown in
Pigure 4, The table includes the fluid being seeled, rotational speed, seal-

ing pressure,length of wetted.shaft and power consumed. In general, the

_power requirements were lower with the fixed sleeve than with the tloating

1sleeve due to the fact that rubbing occurred with the floating sleeve.

1. Fixed Sleeve Sealing Coefficient

‘The measured sealing coefficients for fixed sleeve operation approximated
those measured with the floating sleeve. The’laminar sealing ceefticient,

however, approached a value of .34 for fixed sleeve operation rather than the

‘value of -,43 measured with the floating sleeve. This is not unexpected as‘the

leakage flow term in the laminar sealing equation is a function of eccentricity.

Since the free floating sleeve tended to center4itse1£, i.e. zero cccentricity,

the leakage back over the lands was a minimum. With the fixed sleeve, itis
very difficult to exactly center the shaft. Any slight eccentricity will
increase the land leakage flow and thus lower the sealing coefficient,

Figures 23 and 24 show the sealing coefficient as a function of Reynolds

‘number, Data from both fixed and floating operation ‘show correletion. The

sealing equation has previously been shown to be of the form:

-13-
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The data of Figures 23 and 24 are approximated by ihé equation

2 .

P ~ ' : L
AZD ‘A - +34 for the laminar flow regime (Re <800).
b VL e = : S

The equation
N ’ 5_1.25
—— 2 34 +1.8x10  Re '
#® VL ’ -

for the turbulent regime (Re > 3000). Data is currently being taken in the

transition region (700 > Re > 3000) using a 2 cehtistoke test fluid.

2. Friction Factor Measurements

Measured trictionvtactors for fixed aleevé oﬁeration are shown in Figure

25, They are much lower than the friction factors found with the free floating

,sleeye reportéd in Reference 7. This is to be expected since rubbing occurred

~in free sleev§ operation.

In the laminar operatiom, the measured friction factor is given by the
relation ;
'f = 130
| Re37 2
and for Reynolds numbers above 6000 the data closely approximates the friction

factor for sn unloaded journal bearing. Below'this, the values of friction

-14- -
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. tactor eppear to exhibit a elope of 3/2 as was measured in the laminar regime.

Thin range of operatton is currently being more thoroughly investigated with a

2 centietoke—viscosity fluid

3., Seal Breakdown

For eech type ot fluid tested there is a certain shaft epeed for which the

" geal will start €to leak slightly, perhaps a drop every two or three ninntes.

This yhenonena occurs in both laninar and turbulent operation. Listed below .

are,the bpereting conditions for the three types of test‘fluids ai which leak-

age was firat observed.

R . a2
| -
Fluid .Vapor Pressure aP N 2g
; . Re
in Hg psi rpm psi
SF96-3 .028 36.1 12,700 13.4 - 592
SF96-0.65 .028 16 12,000  14.4 6300
DPistilled Water 1.8 31 18,160 42.3 6356

Two reasons for this slight leakage are probable.
1. Axial backflow»across screw lands.
2, Cavitation occurs.
Examinatlon of the above table sho's that slight leakage occurs in laminar tlow

at Reynolds number 592. While in turbulent flow for two different fluids, the

-Reynolds number at which leakage is observed 1s 6300. To determine if axial

. backflow is s function of Reynolds Number, the running clearance can be reduced

and further tests per!ormed to determine the lowest Reynolds Number that leak-

age occurs.

The other possible cause for the leakage is cavitation. When liquid enters

15
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a région where its étatic pressure is reduced to the vapor pressure, it is

possible for it to boil. 1If this occurs, the vapor formed would most likely

.be'expélled from the seal and condense in the atmbipheie.:,rheifew drops of

fluid observed leaking from thg seal couLd then be the reéult»of‘cavifafion, »

1f this were the'case.then, since the vapor pressures for all three test
1iquids are #bopt the same, the leakage would oéqur at the same value of fluid
velocity head, .%%, . This is true for the silicone fluid but not the dis-

tilled water, so it would appear that cavitation was not the cause, However,

i the cavitation characteristics of different types of fluids vary tremendously,

that is some fluids can éustgin pressures much below their vapor pressure be-

. fore cavitating whilé others cannot. The amount and type of iupuritieé in

the fluid can also have a considerable effect on their cavitation characteris-
tics. Because of this it is not possible to entirely discount cavitation as

a cause of seal breakdown,

«16- .
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1II1. MECHANICAL DESIGN

‘A. Double Disk Seal Configuration
. Final design of the water test rig for the double 'disk_‘iseaslfconfiguratiqn

.has been completed and is shown in Pighie»?. The test contignrattdhrwill be

- 'mounted on the 20,000 rpm téﬂtyspindlg. The manhfacturing:ordef for the éone

" figuration has been placed and scheduled delivery is Feb;uh:y 25, 1963.

B. Liquid Metal Seal Test Spindle

Design of the 36,000 rpm high speed test rig for use with 1iqu;d metal

- 'has been progressing throughout this quarter. The seal drive spindle consists

of anpair turbine mounted on a ball beﬁring spindle simiiar to the present
20,000 rpm rig. The seal_support spindle consists of a 3" diameter hollow

shaft supported in three argon bearings. The spindle mounts the liquid metal

'seal configuration in an overhung position with vacuum connections at the end

of the seal, This configuration is shown in F;éure 13.

. the’design of the spindles for 36,000 rpm operation #s‘verybdependent upon
the Qibrational»ch#racieristics of the rot#ting.shaft. Therefore, a complete
vibration study was made of ;he selected shaft. ?igure 4 sum@arizes the

results of this study.

St

-17-
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IV. TEST FACILITY
‘ ‘1This fgcility 1ncorpdratés thé latest Wdvancements in liquid metal handling,r

and‘utilizes adﬁanced 1ns£tuméhtation for négsurement btythe operutlng and per-

fo rmance characteristics of the dynamic shaft seals. Alkall metal can be

supﬁlied to the test section over a range 6l,cond;£10ns éf pressure, témperatuie
and flowrates,

Alkali metal seal testing can be perforu@d at speeds in excess of 35,000 rpm

_and at temperatures ranging from about 150°F to 1400°F. Vacuum on the space

side of the seals can be maintained at 1.0,'8 mm Hg for long time endurance test-
ing. Thus, outer spacé environmental testing of l;qhid metal dynamic seals can

be evaluated in this facility.

Design Specifications:

‘ Maximum operating{temperatﬁre: S 1400°F

Maximum operating pressure: ‘ 80’psig
Maximum flow rate: 4 gpm .
" Alkali metal contaihmeht'materialz 316 Stainless Steel

Equipment and Operation:

-The tést fﬁcility isometrié screw is shown in Figure 15 and schematic screw
is Shown in Figure 1§. Boﬁh‘the‘alkali metal loop and the argon gas lodps are
shown, Argon gas is primarily used as a cover gas over the alﬂali metal and
as a lubricant for.the gas bearings in the test rig. Because of the relatiﬁely
lérge rate of argon consumption (36 to 50 scfm), it is necessary to reclaim
argon for re-use. Reclaimation is accomplished by a system independent to the
seal test tacility‘and is therefore nét shown on the enclosed Figu:es.

Liquid metal will be circulated by a EM Pump, which is capable of pumping

4 gpm at 80 psig. Liquid metal is pumped through a heat exchanger where the

«18- . al ' R L e
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. temperoture is increased to'wlthln'200°r of that in the return line, After

the heat excnanger, the nlkali metal passes through a 15 micron filter. From

the filter, the alkali metal flows through two parallel electrically heated
tubes and flow control valves ‘to the test seal, From the test rig, the alkali
‘metal (pooslbly containinx a small umount of argon) 19 returned through the o
l'heat exchanger where it 1is coolad to within 200’? of the 1ncom1ng liquid metal
, Out of the heat exchanger, the liquid metal passes through a cooler (cold trap)
- where the metal is cooled by air to 200 - 300° F. The cooler 13 packed with
- wire mesh for trapping oxides at the lower temperature. From the cooler, the

«llquid metal enters a head tank where the entrapped argon is released from the

alkali metal. 'The argon, containing some alkali»meta1~va§or is removed from

the top of the head tank and is cooled to near room»temperature before it en-

‘ ters a liquld nitrogen cooled vapor trap. Essentially, all traces of alkali

metal are to be removed :;om the argon gas by the vapor trap and subsequent

filter system. Argon from the vapor trap goes to the reclaimation system where

1t is further cleaned and repressurized,

The seal testing requires a vacuum of 10-6 mm Hg on one side of the seal.

- This vacuum will be obtained by a 5 1/4" 1.0, diffusion pump in series with a

15 cim mechanical pump. A liquid nitrogen cooled vapor lrap and a liquid nitro-
‘gen cooled chevron baffle sepa;ate the test seal from the dl:fusion‘pump. These
traps prevent mixing of alkali metal vapor with the diffusion pump oil vapor.
Progress '

Detail design of all major loop components has been completed. Drawings

and specifications for these components are now out for bids. . Orders will be
Placed by January 31. Piping and loop layout drawings are about 96% complete}

The electrical control and instrumentation systems have been specified and are

now in the vendor's shop for fabrication. :About 85% of standard hardware such

Co19-
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velves, flewmeters pressure gages, liquid level ‘gages, vacuum pumps and

gages, etc. have been received

The outetanding engineering and drafting yot to ba done involves ser-

' vice connections such as air, electrical and scrubber exhaust connections.

This work hae been started and is scheduled to be finished about the end

of February. Dravings shoving the 1nstallat;on of trace heattuz eleuents

and thermal insulation are yet to be completed.
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v.’_ANALYTICAL'INVESTIGATION or‘LzAxAcz FROM czosk GAP SFALS

i S R AR A

3 -tudy has been made of molecular flow from closo gap seals exhausttug !

_to vacuun. ,The effect of temperature and vnpor-preesure on Ieakage rates has

'been lncluded 1n the analysls. The study predicts that a2, O»lnch Iong ‘annulus

i il sufflclent ‘to restrlct tlow to 1,0 lb/year when potasslun is in the tempera-

ture range 700 - 1000°R but at 1400!! sﬂch leakage rates can only be obtalned

‘with clearances less than .001 inches.

1. MOLECULAR FLOW FROM CLOSE GAP SEALS

A. Introduction

The basic problem 1s“§d determine the leakage rate of potassium vapor
from a pool of saturated liquid potassium when the vapor peeses through an

annulus, as shown below. In the temperature range considered (700°R - 1400°R)

* - the vapor density is too small to allow the vapor flow rate to be coipeted‘by

the usual continuum equations.

‘ ' C , » - 5 : | annulus
. -~ Pr— e - ‘T
. 7 K\
: T J) .

('"“ 2
L‘ e — = -,,~J‘,«‘../ ..-,.. T . - . t
‘::::::i;; _ ' D
L] . v
- - L -~

Saturated Liquid
’ Potassium

The important dimensionless parameter which characterizes the flow regime

is the Knudsen Number (Kn) which is the ratio of the molecular mean free path

R
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( x’j to the clearance ( 3 ). When the Khuddgh Number is small, the flow is

A governed by the tamiliar’coﬁtinuuu‘equatibns.' When the Knudsen Numbe: is lafke,

‘the flow is governed‘by the “free-molecular" equat;ohs which.assume that the

fiow resistance is due entirely to molecular éoll;sions with‘thq bounding walls

jince inter-molecular collisions are rare. 1In between these extremes lie tha v

rather vaguély defined slip-tlow and transitioﬁ régiﬁes. The mathematical

distinction_b@tween these regimes will be discussed 1n greater detail in thé
section concerning leakage at 1400°R.

B. General Data

D = ghaft‘dis = 1.0 1n§hes
i —'annulus'length = 0.5 - 2.0‘1nches
& = annulus clearance = 0.001 - 0.010 inches
T = potassium saturation temperature = 700°R - 1400°R

Pz = ambient pressure atbthe atmosphexic end of the annulus = 10-6'mm Hg
P1 = Satu:ation~préssure of potassium

Flow is isothermal

C. Mean Free Path

The type of vapor flow regime (continuum, slip, free molecular) depends on

t he Knudsen Number

kK = _X ' : “(Ref. 1)
5 ;
where

A = hean free path

[+
[}

annulus clearance

The mean free path { ) ) is predicted from kinetic theory to be

3 v
v

]

(Ref.yl)
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where

v = is = kinematic yigéoéié}no? the vapor -.(R°f',2)
V = mean nd;ecui#r velocity | ;
5 '?he~ﬁean veio¢1t§ is calcu;dted’féom_ -
| V= :7' v, (Retf. 1)
. where _ k
7 = specific heat ratio | ‘
v, = velocity of sound - 7/ 7 g RT
R = gas constant
T‘ = agbsolute teﬁperature
For sdturatgd potassium vapor (Ref. 2)
T : v . g A
R ft/sec £t°/hr in
700 ‘ 1818 12.03 (100 7.93
800 1615 60,67 (10%) 0.376
900 : 1712 62.00 (10%) 0.036
1000 ' 1804 100.0 (10) 0.0056

jUsing the largest clearance anticipated (0.010 inches), the smallest

Knudsen Number is

kK > 0.56
n -

which means that all vapor flows to be considered-are in the free molecular

regime., (Ref., 4, also see section to follow on leakage at 1400°R) -

D, Evaporation Rate Through an Orifice

‘The maximum evaporation rate from the surface of a liquid 1s predicted by

kinetic theory to be

-23-
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(net;‘aj'"

‘}where

W R : ’
max. evap. | paximum mass rate of evaporation per unit area

- = saturation pressuré
sat, : \ '

- Actual evaporation rates aré slightly less than the max;m@m predicted by theory.

Bxperiméntal results given by Dushman (Ref. 4) are in good agfeement with this
abproximate equation. Dushman's data is as follows:

T . P

°R ‘ o psia : v ’lb/ftzsec
— - — —
655 1.934 (1071 3.91 (107 1)
712 ©1.934 (1075 3.75 (10‘6),
781 ‘ 1.934 (107 . 3.58 (1073
864 | 1934 @™ 3.2 0™H
968 ' 1.934 (1073) 3.22 (1073
1100 1.934 1073 3.03 (107%

Since these values represent the evaporatién rates from a surface (which behaves
like an orifice in a thin plate), they are the evaporative losses of the lubri-

cation case of an annulus of zero length (L).

. BE. Evaporation Rate Through An Annulus

" When the interface between the liquid and vapor occurs within an annulus,
the walls of the annulus restrict the molecular flow and reduce the evaporativé
rate below the maximum orifice rate.

The free molecular flow rate through an annulus is given by

_ 2 FA ' (Ref. 4)
Vo= 3 RT (Pl - Pz)
24
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P =10-6mmﬂg =

where
ﬂj' = molecular mass flow rate in the annﬁlus
' PI’ Pz - jpresshres ét the ends of the annu}us».‘

op ‘-“,a funcfioh of the annulus geometry (Ref. 4)

I

-1 ——=—1[, § > 1.5  (SeeFig. 2)
1+ 3 K i ‘ , -
'K = tabulated function of (g% ) {Ret. 5)
A = D =»cfoss-sectioh area of the annulus

,Thq evaporation rate from the interface is controlled by the resistance

of the annulus to vépor‘flow. This is éxpressed mathematically through the

éont;nuity equation as follows:

where’ .'~ i =» 2 FiA @ - Py
evap 3 RT 1 2
7 P1 = saturated vapor pressure
'P2 = ambient pressure

Since the lowest vapor pressure (P1 at 700°R) is 1.1989 (10’6) psia and

2 ‘1.934 (10-8) psia the maximum evaporative rate tﬁroqgh

‘the annulus is approximated by

~ -
FVA pvapor

win

"Evap. max.

where
p vapor = saturated vapor density

"~ Assuming that the maximum allowable leakage rate is of the order 01 1 1b/

'year the following table indicates the length annulus required to maintain this

e25-




a8 a maximum raté:
T = 700°R
y.) 2 e . max, evap.
) 2 A : me

inches 3 Pvap v o inches ; 1b/yr (Ret. 4)
0.000 43.4 @oh " 0.000  18.83 (107%
0.005 217 (0 ~ o.m00 81.64 (107}
0.010 . 484 o™y 0.000 169.3 (10°%

T = 800°R
e v , .

B - 2 YA L max. evap.,
inches 3 Pvap : , inches _ 1b/yr (Ref., 4)
0.001 ; oo oty 0.000 (4.52) (1073
0.005 5500 (10~ . 0.000 (22.6). (10°3
‘0.010 . 1000 (107 0.000 s (o

T = 900°R

‘ w
) 2 7 L L : evap, max.
winches | 3 pvag ) inches - = 1bfyr
0.001 1.342 0 0.000 0.5

0,005 6.71 5.8 - 0.029 , 1.0

0.010 13.42 13.42 0.134 1.0
T = 1000°R
W

- ® 2 o VA L L evap. max.
inches 3 “vap k] inches lexr
0.001 9.84 8.8 0.009 1.0
0.005 49.3 49.2 . 0.246 1.0
0.010 98.2 98.2 0,982 1.0

e
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Flow at 1400°R

Calculating the ovaporatipn rate at 1400°R presents some ;speciai pi-ob—
- lems 'si.nce ,t'ho mean ﬁee ptth is

A =3

<lle

= 63.7 (10°%) inches

‘and the Knudsen Number range is

inches K, ' Regime

0.001 0.0687 ,iree-molecﬁla;r, transition
0.005 ' 0.01370 transition, slip

0.010 . 0.00887 slip

" - In the slip-flow regime the flow rate is given by (Ref. 3)
3 - P )
W /5 1 2 2 -1
Y= = <F;§ii) <?:-1:-j;) ! 1+6 == K,

L= specu;ai' reflection coefticiént ‘ ‘ )

- where

\ /8}goRT'_~
' x

wex 8 fr o fa- P
: 64 L } Kn b 4 RT

For Knudsen Numbers in the free-molecular now‘ regime this equation reduces

2 2
Since Pl > > Pz , using v

ol

-the flow rate may be approximated by

to Y T
vex 8 fooa-s AT .
64 L 4 RT ' '
When -5- <<1.0 £ may be evaluated by comparing this equation with the
L ’ A
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freevnolecular flow equationsAused pteviously, so that

TR

- = 13.56 : -~ :+ (Ref. 6)

The spproximate equation which covers all tlow regimes is then
- P
| = 24 pRT 1+ 13.58 K

<<1.0

when

" o

Note that i Kn = 1/2, the error introduced by neglectihg the plane Poiseuille

" flow contribution, as in the calculations at_lower temperatures, amounts to

-1
1 + 13.56

arD = 12.86%

Using thevapproximate equation above at 1400°R for W .. . i,
: o ‘evap., max.
1.0 1b/year

5 , K L
inches n inches
0.001 0.0687 | 3.5
0.005 | 0.01374 2410
0.010 0.00687 1780.0

F. Conclusion

It appears that a 2.0 inch long annulus is sufficient to restrict the

. £low to 1.0 lb/year when the potassium is in the temperature range 700-1000°R

but at 1400°R such leakage rates can be obtained only when & = 0;001 inches,

-28.




s ey 5 R

P

1. . Slinger Seal

o

 SYMBOLS

. : . ; ‘ L 2
Reynolds number, taken at the disk tip, dimensionless, 2%-

'»Tbrque coétficient tdr‘diﬁk partially iettad on two

sides, diﬁensionless, '—-—3-5 .

pPw =a

Static pressure being sealed by the water, psig.

Dynamic pressure of sealing fluid, water, on the low

pressure side of the disk, psig.

 Radius of Stationary disk, ft.

Radius of fluid from the center of the disk on the

low pressure side, ft.

Radius of fluid from the center of thq disk on the

- high pressure side, ft.

Kinematic viscosity, ftzrper second.
; 2,..4
Sealing fluid mass density, 1b sec”/ft".

Ratio of angular‘velocities,'dimenslonless, {% .

Angular velocity of rotating housing, radians per second.

Rotating housing velocity, rpm.

Angular velocity of sealing fluid, water, radians per second.
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Screw Seal

SYMPOLS (continued)

'Zrictioﬁut torque (moment), ft. 1b.

" Radius Ratio, dimensionless.

nprsepower.
Cooling flow, gpm water.

Spacing between disk and rotétlng housing on
low pressure side of the disk, ft.

Seal Efficiency.

Thrust.

Shaft diameter.
Flight width.
Depth of groove in shaft.

Constants in sealing equatiom.

. Threaded length of shaft.

Number of threads.
Shaft angular velocity, rpm.

Pressure drop across seal,

 ;30-
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" SYMBOLS. (continued)

Re ‘ : ‘ Reypoldj nuinbér'
t | Thread’pttc:h - | pe tan(p |

e . t/n
v - Snatt Speed.

“w : .. | ‘widthb of thregd channel, |
w' ‘ ; Width of thread land. -
a - o h/w
é 8/h
4 w/ fv + v”)

'8 ‘Radial clearance, -

n . | ~ Absolute viscosity.

v K:I.x‘xem':.tic viscosify.

(p » Thread helix igngle
Subscrii:ts

cr Critical

opt . Optimum value.
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" 15th of

Basic Analysis.

-~ Set-up and Checkout of 20,000 rpm

“Water Test Spindle.

o ‘Design of Water Ring Seal

COnngurations .

g :llanufacturo of 'ater Ri.xig Seal

Configurations .

"Deaign of Water Screw Seal

Configurations .

‘,‘llanuracture of Yater Screv Seal

Configurations,

~Design of Liquid Metal Test

Spinﬂle - 33 000 rpm.

' Manufacture of Liquid Metal Test

s_pindle .

' "Deslgn of Liquid lleta]. loops

Manufacture of Liquid Metal Loops
Design of Liquid Metal Seal '
-Contigurations, )
Manufacture of Liquid Metal Seal
- _Configurations.

- Experiments with Water 20,000 rpm

Rotating Housing Seal
' Squeeze Seal
' -Screw Seal T
Set-Up and Checkout of Liquid
. Metal Test Spindle 38 000 rpm.
100 Hour Screening and Themal
Cycling Liquid Metal Tests.,
3000 Hour Enduranco Test with Liquiad
Metal

' Evaluation

Reports:
‘Monthly

Quarterly
Final

O Sstart

-’ Complete

" Figure 1.
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Figure 6. Photograph Test Rig in Operation,
: No. C212965.
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Sendure Heat Exchanger o e
e VN / 1 G.P.M. ltax.’ Flow

Pressure Gauge

Flexible Tubing

PP

1 E e o

Sump ©1/4" Neeafd", -C. “—2.3 G.P.M. Max. Flow

Valve Pressure
) Taps ,

? » Cooling
/ ﬂ"u - N Water
. T.c. N ’ : & T.C. ’
1/4" Globe ‘ N '
: | Sp—
-Valve XBau 2 2

; Regulated
Valve 0 - 60 psi

4. Reservoir

‘Figixre 12, Test Loop and Instrumentation for Screw Seal Test.
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Figure 13
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Figure

16. Seal Test Facility
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1.1
1-2
1-3
1-4
" 1-8
1-6
1_7
1-8
1-9
- 1-10
1-11
1-12
1-13
1-14
1-15
116
1-17
.1f18
1-19

' Test No.

SUMMARY OF TEST RESULTS
. .Quill No. 1 '

' FPree Floating Sleeve

R

] N

Test ?luid © .. ‘mils ) -ﬁ;n- ps;
8¥96-5 3,50 - 3980 15,05
8F96-5 T 3.50 4760 . 20.34
se6-5  3.50 6290 25,74
SF96-5 3.50 4080  16.04
'SF96-5 3.50 5660 20,54
s¥98-5  3.50 5700 . 25.54
SF96-5 - 3.50 6940 30.54
. SF96-0.65 3.50 4560 4.5
SF96-0.65 3.6 6680 6.54
 SF96-0.65 3.7 10360 - 10.24
SF96-0.65 3.8 13460 13.14
SF96-0.65 3.92 14940 15.44
SF96-0.65 4,04 16560 18.24
SF96-0.65 4.15 7080 6.14
SF96-0.65 = 4.25 12160 10.44
SF96-0.65  4.38 15400 15.64
SF96-0.65 4.5 16840 20.44
' SF96-0.65 4.8 18760 22,94
' SF96-0.65 4.7 20420 25.64
Figure 21
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llohsured

‘Power

u.P.

0.106
0.113

0.1043

0,068

0.1109
0.1279
0.1360
0.064

10.047
10,1734

0.2637
0.2103
0.1952
0.0592
0.1041
0.2812
0.2113
0.3139
0.4544




- SUMMARY OF TEST RESULTS -
' Quill No, 1

PixedkSIQevé

N L ‘Measured Power

Test No. ‘_ Test Fluid . rpm psi o 4im_ __ H.P,
1-20 Distilled 5220 5.45 3,75 .0292
, Water , L : ‘ B
1-21 o o 8560  10.05 = .2,80 .0479
1-22 " - 11520 15.80 2.5 0646
123 oom : 13600 20.55 2.42 .0761
1-24 " v 15060 = 25.40 2,34 .0842
1-25 k LI - 16340  30.40 231 .0915
1-26 o 6240 5.70 3.48 .0568
1-27 L " 11780 ' 15.65 2.51 .1169
1-28 " 17040 31.00 = 2.48 .1429
1-29 oo 17860  35.65 2,29 " .1498
1-30 B 18520 40,70 2,27 .1912
1-31 " 120660  45.5 2.20 .2023
1-32 " . 21460  50.5 2.25 .2102
1-33 " 23080 55.5 ©2.25 L2418
1-3¢ o . 24160  60.5 2.25  .2532
1-35 " 27760 . 57.0 1.57 .2909
1-36 . 29880  55.0 . 1.44 .3131
1-37 v 31520 55.0 1.23 .3303
1-38 - . 18160 '31.0 2.26 .0763
1-39 B 5600 . 7.0 4,00 .0392
F;gure 22
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SUMMARY OF TEST RESULTS (cont'd)

-Quill No. 1

Fixed Sleeve

Test No. Test Fluid rpm ;_:i
1-40 Distilled 16520 30.6
7 » " Water

1-41 . " 35000  56.8
1-42 'SF9S(5) 1360 5.3
1-43 " 3020 10.7
1-44 " 4520 15.5
1-45 " 6120 21.0
1-46 " 7780  26.0
1-47 " 9320  31.0
1-48 " 10700 36,1 |
1-49 " 11640  41.2

- 1-30 _ * 12700  46.2
1-51 " 13580  51.2
1-52 " 14320  55.8
1-53 " 15420  61.0

627

Measured Power
H.P.

" .2080

.3383
.0764
.1902
.3793
.5562
.7622
.1108
1272
.1384
.1598
.1709
.1803
.1942

.
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Figure 23. Sealing Coefficient vs. Reynolds Nunber;
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